I
N RECENT years many reports of intracranial tumors with extracranial metastases have appeared in the literature. Most of these cases have been adequately documented histologically. Ley et al. 52 in a recent report have presented a good review of intracranial tumors with metastases outside the cranium. We were stimulated by this review to report a case of our own occurring in a child.
Little emphasis has been placed upon the occurrence of extracranial metastases in children in previous reports that have appeared in the literature. In several of the reports various types of intracranial tumors have been summarized, but no attempt has been made to analyze them in greater detail. It is our intention to review the literature of extracranial metastases with respect to types of tumors, age groups, and their preference for sites of metastases.
Case Report
#29767/32539/33348. J. C., a ~ 89 white, adopted boy, was admitted to the Boston Floating Hospital for the first time on Sept. 17, 1957 . About 30 hours prior to his admission he apparently had rapid onset of severe headache with bouts of vomiting and progressive disorientation. He became alternately lethargic and irritable with fretful crying. There was no history of infection or head trauma.
Examination. He was lethargic and irritable and failed to respond to commands. There was a moderate degree of papilledema bilaterally, more marked on the left, with retinal hemorrhages, paralysis of abduction of the left eye, and a left central facial weakness. The deep tendon reflexes were slightly hyperactive on tile left side with an extensor plantar reflex. There was no apparent sensory loss or motor weakness.
Roentgenograms of the skull showed the sutures spread, indicating increased intraeranial pressure. The electroencephalogram was abnormal with generalized diffuse slow-wave activity, more marked on the left and more posteriorly.
The following morning, bilateral palsy of the 6th nerve was present and additional retinal hemorrhages appeared. Because of suspicion of an obstructive lesion of the posterior fossa, a Pantopaque ventriculogram was carried out. This, however, revealed a shift of the lateral ventricles and the 3rd ventricle from left to right, indicating instead a space-taking lesion of the left cerebral hemisphere. An air ventriculogram was performed immediately which confirmed the previous shift of the ventricular system and demonstrated the presence of a large mass in the posterior temporooccipital area on the left.
Operation. At craniotomy the dura mater was very tight, confirming the increased intracranial pressure. There was slight flattening of the gyri in the posterior parietal and occipital region and 10 cc. of brownish-yellow fluid were aspirated from a cystic tumor. Its protein content was 4.8 gm. per cent. A very large, rather necrotic, soft, yellowish tumor was found occupying the entire left occipital lobe, extending to the surface of the posterior temporal region inferiorly. It was attached firmly to the tentorium and extended to the cerebral falx. An occipital lobectomy was carried out and a large portion of the tumor was removed.
Histology ( Fig. 1) .
Postoperative course was uneventful and on Sept. 30, 1957 , radiation therapy was started. On the 14th postoperative day, he was discharged to continue treatment as an outpatient. He was alert, active, and cheerful. The papilledema and the hemorrhages were fading, the paresis of the right 6th nerve was present, and there was a right homonymous hemianopsia as expected. There was no facial asymmetry or motor weakness, and the deep tendon reflexes were equal. He received approximately 4600 r tumor dose over a 6-week period.
During the follow-up period, he was doing extremely well without any signs and symptoms, save for the homonymous hemianopsia. In June 1958, 9 months after his first operation, he had some spells of vomiting, associated with a slight
Intraeranial Tumors with Extraeranial Metastases
Fro. 1. Primary tumor of brain (biopsy specimen). the neoplastic cells together with a moderate fibrillary radiate about the vessels. Diagnosis: Ependymoma.
This field was selected to show the loose arrangement of intercellular matrix. In some areas the tumor cells tend to chill. At times he had complained of pain over the back of the head and some shooting pain over his eyes. On examination then a moderate degree of residual papilledema on the left was noted, and the bone flap was slightly elevated. He was seen repeatedly after that.
2nd Admission. He eventually was readmitted on Aug. 4, 1958 , with recurrent headache, vomiting, and bulging of the bone flap. He also suffered a severe loss of vision.
Examination. The previously mentioned findings were confirmed in addition to paresis of the right 6th nerve.
Roentgenogram of the chest was normal, and films of the skull showed again spreading of the sutures. The electroencephalogram again was abnormal because of slow-wave activity over the left posterior temporal and adjacent parietooccipital areas. A ventricular tap disclosed a pressure of 350 mm. of water and a protein content of 190 mg. per cent. An air ventriculogram was done and demonstrated a recurrence of the mass in the left occipital region.
2nd Operation, Aug. 6, 1958 . The area of internal decompression from the previous lobectomy was occupied by a variegated tumor with necrotic, liquefied, and hemorrhagic areas. The tumor was adherent to the falx medially and the tentorium below. After the tentorium was cut, tumor was found to have extended through and beyond the tentorium to lie above the upper surface of the cerebellar hemisphere. Removal of tumor for internal decompression again was carried out.
Postoperative Course. He did quite well, and at the time of discharge on Aug. 17, 1958, he was somewhat irritable, but his vision was improved. Papilledema on the left persisted. He continued to have intermittent headache and elevated temperature since the last operation. He had urinary frequency with evidence of a urinary infection. He also had mild right hemiparesis and impaired coordination on the left side.
3rd Admission, Nov. 3, 1958 (13 months after the first operation). He had managed to move around by crawling and apparently had some vision. Since the middle of September, a pseudomeningocele developed over a part of the incision line. He had intermittent vomiting.
Examination.
As an additional neurological deficit, the right limbs were almost completely paralyzed, and the ataxia of the left limbs had increased. The pseudomeningocele presented itself as a shiny, translucent mass, projecting about cm. above the level of the scalp at the vertex. Films of the skull demonstrated again marked separation of the sutures, and for the first time films of the chest showed faint rounded densities, one each in the right and in the left lower fields of the lungs. These were sharply demarcated and had the appearance of metastatic nodules. These findings were confirmed on repeated films of the chest 10 days later.
3rd Operation. The pseudomeningocele was excised, and the scalp was repaired.
Course. Continuous ventricular drainage was carried out for 3 days and was followed by repeated ventricular taps. Large amounts of ventricular fluid were evacuated and the cerebrospinal-fluid pressure continued to be elevated as high as 600 ram. of water. Its protein content varied from 0.5 to 2.0 gin. per cent. In spite of these efforts, his state of consciousness declined continuously and by November l~ he became comatose. The following day a right ventriculoatrial shunt using a Holter valve was carried out. The shunt failed to function and continuous ventricular drainage was necessary. The child remained unresponsive and died on Nov. 2r 1958.
Autopsy. There was generalized swelling of the brain, with bilateral uncal herniation, more marked on the left than on the right. There was a massive infiltrating tumor with its greatest bulk in the left parietal and occipital lobes where there was a large cystic cavity. The tumor also involved the cerebral peduncles, the pons, and the left cerebellar hemisphere. There was, in addition, a tumor in the right occipital lobe with some necrosis. On serial sections the infiltration in the left cerebral hemisphere extended from about 3 cm. posterior to the frontal pole all the way back, involving the basal ganglia. In the right hemisphere it involved the centrum semiovale from posterior frontal to occipital lobe and the splenium of the corpus callosum. Anteriorly, in the right cerebral hemisphere, there was frank intracerebral hemorrhage which communicated with the right ventricle.
On palpation of the lungs, several nodes, firm and ovoid, were detected. The nodules were located at the apex and base of the left lung and near the hilum and the base of the right lung. On section they showed a firm and pale grey-yellowish tissue; they were well circumscribed. The regional lymph nodes were replaced entirely by metastatic neoplasm.
Histologic Report. After reviewing all sections from each of the surgical biopsy specimens taken from the brain, and from the material obtained at autopsy which included tumor from the brain, ~IO . ~.
17IG. 3.
pia-arachnoid and dura mater as well as tumor from both lungs and regional lymph nodes at the hilus, it would appear that this tumor had developed from ependymal cells lining the left lateral ventricle.
In sections from the brain, the tumor is growing in a highly anaplastic manner in some areas and in a well-differentiated manner in other areas. In general the ceils show a distinct tendency to cling to small vessels and to radiate about small vessels to form rosette-like patterns. Necrosis and hemorrhage complicate the primary tumor. Mitoses are common (Fig. ~) .
In the lungs and regional lymph nodes the tumor everywhere is highly anaplastic and rapidly growing. There is a moderate desmoplastic reaction in the lungs and there is complete replacement of isolated lymph nodes (Figs. 3  and 4) . 
Review of the Literature
We have collected 88 cases of intracranial tmnors with extracranial metastases from the literature. All of these cases were proven histologically either by autopsy or by biopsy and generally were accepted by other authors. Some of the older reports that lacked histologic proof have not been included in this review. The cases have been divided into tumors appearing in adults and those in children. The upper age limit for children has been set arbitrarily at 16 years for purposes of this report. A further division has been made between the tumors having their origin in the meninges, both benig~i and malignant, and all other intracranial tumors. Tables 1 and s (Table 5) . Sex. Of the 31 meningeal tumors in adults, ~0 occurred in males and ll in females. Of the children there were only 1 male and 3 females. Of the 35 cerebral tumors in adults, ~0 occurred in males and 15 in females. In this same group of tumors in children, there were ll males and 8 females. The incidence of tumors in males was definitely higher in 3 out of the 4 groups. The 4 meningeal tumors in children obviously are too few to permit any conclusions with respect to predominance of sex.
Age. With the meningeal tumors, the children ranged in age from 7 days to 1~ years; the adults from ~1 to 83 years. With the cerebral tumors, the children ranged from 8 weeks to 16 years and in adults up to 61 years. No attempt has been made here to demonstrate any correlation between the various tumors and the various age groups. Table 6 shows the occurrence of various tumors in these different age groups. Other than the usual preponderance of infratentorial tumors, specifically medulloblastomas, in infancy and childhood, the pattern of distribution of various tmnors in this series appeared to follow the usually reported incidence of intracranial tumors in general.
Survival Time. Survival time for the purpose of this report represents the time interval between onset of symptoms or the establishment of the diagnosis and the time of death (in a very few instances until the time of biopsy of a metastasis). Children with meningeal tmnors survived fi'om 7 months to 6 years, an average of 3 years and 3 months, while in children with cerebral tumors survival time ranged from 3 months to 4 years with an average of 1 year and 9 months. Adults with meningeal tumors survived from 3 months to 34 years, an average of 7 years and 9 months. In the adults with cerebral tumors, survival time was from 4 months to 13 years with an average time of 3 years and 10 months (Table 7) . These survival figures correspond very well with the pattern of intracranial tumors in general. (Table 8) five metastases resulted from infratentorial tumors, and the remaining 134 from the supratentorial tumors. The infratentorial group included ependymomas, meningosarcomas, and the medulloblastomas. The correlation between various groups of tumors and their different metastatic sites is noted in Table 9 . As can be seen, metastases from intracranial tumors could be found in almost all parts of the body. Certain organs, however, appear to be preferentially involved with these metastases. In order of frequency they are: the lung, liver, mediastinal and cervical lymph nodes, vertebral and other bones, pleura, and finally the kidneys. A compilation of the organs most frequently involved revealed the following (Table 10) . Of 159 metastases, 5:3 or 3:3 per cent occurred in the lungs and pleura. This was by far the most favored site of extracranial metastases. Next in order of frequency were the various cervical, mediastinal, and abdominal lymph nodes which represented 36 (e3 per cent) of the metastases. Twenty-two metastases (14 per cent) occurred in the liver and 10 metastases (6 per cent) in the kidneys. The vertebrae and other bones were involved 15 times (9 per cent). Among the organs rarely involved were the heart, ovaries, uterus, urinary bladder, parotis, thyroid, thymus, adrenals, stomach, and large bowel. As one might well expect, the operative flap was involved on several occasions but always in connection with other extracranial metastases.
Types of Tumor

Discussion
One purpose of this presentation is to show the incidence of extracranial metastases in children. We have first to establish some general information regarding the occurrence of brain tumors in children, with special reference to supratentorial gliomas.
The over-all incidence of brain tumor in children according to Odom et al. 6~ for all hospital admissions is 0.4~ per cent. Random autopsies on children gave an incidence of multiforme from 4r intracranial tumors in a series of 53,400 autopsies. Only 7 glioblastomas occurred in children under 10 years of age. Of these, only 3 were supratentorial. In this report of extracranial metastases from intracranial tumors, children represented ~6 per cent of the series with an incidence of 35 per cent in the cerebral tumors and 11 per cent in the meningeal group. The ~3 tumors in children consisted of 10 (43 per cent) infratentorial and 13 (57 per cent) supratentorial tumors. The supratentorial tumors included 3 ependymomas and 3 other gliomas representing an incidence of 46 per cent for gliomas in the supratentorial group. These figures parallel in general the ones cited above with respect to the incidence of intracranial tumors in children and of supratentorial gliomas respectively.
The sites of predilection of extracranial metastases have been discussed above. Three major groups of tumors were considered with respect to their favorite locations of extra- cranial metastases: (i) the medulloblastomas were selected as a special group of the infratentorial tumors; (ii) the meningeal tumors, benign as well as malignant; and (iii) the other glioma group in which the ependymomas were included. Of the ~0 metastatic sites that occurred in cases of medulloblastoma, 7 were in the vertebrae and various bones, representing 35 per cent of the metastases. Cervical, mediastinal, and abdominal lymph nodes were involved in 5 cases or ~5 per cent (Table 11 ). In the cases of meningeal tumors, there were 64 metastatic sites in which the majority of Finally, the liver is represented in 10 cases of extracranial metastases or an incidence of 17 per cent. In the other glioma group, including the ependymomas, there were 47 various extracranial metastases, 17 (86 per cent) of which were found in the lungs and pleura, followed closely by 1~ (~6 per cent) in the cervical and mediastinal lymph nodes. Comparing these figures from the 3 types of tumor, the most favored sites of extracranial metastases were in the lungs and pleura in the meningeal and glial tumors, while in the medulloblastomas, vertebral and other bony lesions were the most prominent features. The next most frequent metastatic sites were the lymph nodes in all :3 groups of tumors. However, involvement of the liver almost equaled the incidence of metastases in lymph nodes in cases of meningeal tmnors.
Of the remaining tumors listed, the only noteworthy finding is the high incidence of involvement of the liver in the group of pituitary carcinomas, namely, 6 cases (35 per cent) of 17 extraeranial metastases.
The extracranial metastases from intracranial tmnors not operated upon were also compiled selectively. Metastases were found in 36 different locations, of which 16 (44 per cent) were in the lungs and pleura. Next in frequency was the liver with 9 (e5 per cent) followed by lymph nodes with 6 or 17 per cent (Table le) . This comparison of operative and nonoperative cases leads to the interesting controversy of the means of metastatic spread of intracranial tumors. Many competent authors have advanced various theories. It is not our intention in this report to elaborate on any detailed discussion of the possible means of spread of tumor, but rather to summarize a few of the ideas expressed, and to note some observations of our own fi'om this analysis.
It is well known that neuroectodermal tumors, such as the retinoblastomas or sympathoblastomas, have a great tendency to metastasize. Reese s+ in his survey of metastatic retinal tumors found 50 per cent visceral metastases and 33 per cent in lymph nodes. Cranial bones were involved in 58 per cent while metastases to distal bones were encountered in ~5 per cent. Carbaja111 in his own series of retinoblastomas found 45 per cent, and among Merrian's cases, 44.5 per cent with extracranial metastases. He noted that the incidence of extracranial metastases was more frequent with local recurrence of tumors.
Rubinstein TM has pointed out the fact of the frequency of huge local recurrences, multiple operations, and high incidence of invasion of bone and scalp flap in these cases of intracranial tumors that have metastasized extracranially. This same author has raised the question of whether permeation of the tumor into intradural veins and secondary involvement of lymph glands may be responsible in the pathogenesis of metastasis.
Russell and Rubinstein 7~ discussed various case reports and their validity. They also referred to the well known "Pepper and Hutchison" types of metastases of neuroblastomas.
Zimmerman ~' stated that metastases occur by way of the blood stream following surgical interventions. He stressed the fact that gliomas do not invade blood vessels, but that gliogenous neoplasms grow readily outside the central nervous system. Environment, according to him, influences the appearance and the behavior of the tumor.
In contrast to the gliomas, Simpson s6 noted in a study of e35 meningiomas that the dural sinuses were involved in 14 per cent. Of this group it is not known in how many cases distant metastases developed.
Willis 95 discussed some reported cases of extracranial metastases and the possible route of their spread and the peculiarities of metastasizing nervous tissue.
Buchmann and Ziilch, 9 in discussing medulloblastomas, assumed the extracranial spread to occur in continuity along nerve roots, and from there into the bony spine and ilium. Crue ~9 did not elaborate further on the means of extracranial metastases. In the case of Griepentrog and Pauly ~s of a medulloblastoma occurring in an 8-week-old twin, an infraclavicular teratoma containing medulloblastoma was found at autopsy. The question of this being a true metastasis was left open in their report but Ztilch considered it acceptable.
During the review of the literature, several reports were encountered that might well have been acceptable but lacked proof of histological examination. They were not included in the above report but several infratentorial tumors were collected which were worth considering. These represented ll cases of different cerebellar tumors in which the authors reported metastases in various extracranial locations, some of them noted on roentgen-ray examination, others as palpable nodules in the lymph nodes and skin (Table  13 ). They were considered in the same manner as the tumors discussed above. The tumors consisted of 9 medulloblastomas, 1 endothelioma, and a single meningosarcoma of the posterior fossa. Seven of these cases occurred in children and 4 in adults. The secondary tumors were noted on roentgenray examination in 8 cases. The metastases occurred in 7 cases into the vertebrae or other bones and twice to the skin and as often to the lungs. Their sites of metastases followed exactly the distribution of those proven cases of medulloblastomas discussed in this report.
In the case of the Massachusetts General Hospital, 12 that of a 5s female with a fibrosarcoma of the spinal dura mater with metastases to the vertebrae, sternum, ribs, long bones, lungs and adrenals, the lesion of course was not an intracranial tumor, but is mentioned here in regard to the site of metastases.
Ley et al. 52 discussed in detail the earlier reports13.16.39,59 which were doubted as acceptable cases in view of the lack of histological proof.
Conclusion
Considering the data obtained by this review, we feel that the facts have been established beyond doubt that extracranial metastases from intracranial tumors do occur, although not as frequently as compared to other malignant tumors. We tend to believe that the spread of the tumor prob-ably occurs via the lymphatic channels in spite of the fact that the central nervous system itself is known not to contain lymphatic channels. This contention is supported by G~tai and FSldi 3~ who stated that the lymphatic system participated in the drainage of the cranial spinal-fluid spaces in both normal and pathological conditions. Whatever mode of extension one chooses to accept, our analysis of the available data substantiates the contention that there is no difference in the location of metastases in tumors operated upon as compared to those not operated upon. This report will also alert those of us dealing with intracranial tumors to the frequency of such spread and the usual sites of predilection. One would even be inclined to accept some of the histologically unproven cases, especially when these presumed metastases seem to coincide with the pattern of distribution already discussed.
Summary
1. Eighty-eight cases of various tmnors with extracranial metastases were collected from the literature and summarized. A case report of a child with a left parieto-occipital ependymoblastoma has been added. The child had undergone three operations and had also received radiation therapy. A lesion in the chest was noted on radiologic examination prior to his death and an autopsy confirmed metastases in the lungs.
~. Of the total of 89 tumors, 35 pertained to the meningeal group and 54 to other intracranial tumors. There were 66 adults and ~3 children in the series. The distribution of age, the type of tumor, and the incidence in children followed the general pattern of intracranial tumors. Benign and malignant meningiomas comprised 36, the gliomas and ependymomas s and the medulloblastomas 11 of the cases.
3. The 89 tmnors were responsible for 159 various metastatic lesions. The organs involved in order of frequency were the lungs, liver, lymph nodes, bones, pleura, and the kidneys. Many other parts of the body also were involved by metastases 4. Meningeal tumors metastasized primarily to the lungs and pleura, and then with equal frequency to the liver and lymph nodes. In gliomas, including ependymonlas, most frequently the lungs and pleura and the lymph nodes were involved. The most favorite metastatic sites of medulloblastomas were the vertebrae and other bones followed then by involvement of the lymph nodes. An interesting finding of this study was to note that there was no difference in the favorite location of extracranial metastases of tumors operated upon as opposed to those not operated upon. 5. Various opinions regarding the possible means of dissemination have been discussed. It is the authors' opinion that the lymphatic channels are the most likely way of spread.
6. A small series of infratentorial tumors was considered separately because of the lack of histological proof of metastases. It has been pointed out that their patterns of spread followed those of the proven medulloblastomas.
